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Abstract
Objective-To assess the relation between ST segment elevation during the dobutamine stress test and late improvement of function after acute Q wave myocardial infarction. Patients and design-70 patients were studied a mean (SD) 8 (3) days after acute myocardial infarction with high dose dobutamine-atropine stress echocardiography and a follow up echocardiogram at 85 (10) days. A score model based on 16 segments and four grades was used to assess left ventricular function. Functional improvement was defined as a reduction of wall motion score > 1 in > 1 segments at follow up. Intervention-Myocardial revascularisation was performed in 23 patients (33%) before follow up studies. Results-ST segment elevation occurred in 40 patients (57%). Late functional improvement occurred in 35 patients (50%). Functional improvement was more common in patients with ST segment elevation (68% v 30%, P < 0.005) and they had a higher mean (SD) number of improved segments at follow up (1.9 (2.2) v 0'5 (1.1), P < 0-005). The wall motion score index decreased between baseline and follow up in patients with ST segment elevation (1.54 (0.50) v 1-48 (0.43), P < 0.05) but not in patients without ST segment elevation (1.39 (0.60) v 1'45 (0-47)).
The accuracy of ST segment elevation for the prediction of functional improvement was similar to that of low dose dobutamine echocardiography in patients with anterior infarction (80% v 83%) and in patients who underwent revascularisation (78% v 83% respectively). Conclusion-In patients with a recent Q wave myocardial infarction, dobutamineinduced ST segment elevation is a valuable marker of myocardial viability particularly when the test is performed without or with suboptimal echocardiographic imaging.
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The detection of myocardial viability after myocardial infarction is important for the proper selection of patients in whom myocardial function is more likely to improve after revascularisation. 1-4 Thallium scintigraphy, positron emission tomography, and low dose dobutamine (LDD) echocardiography are useful methods for detecting myocardial viabil- ity.'-6 Stress-induced ST segment elevation has been reported as a specific marker of residual viability.78 However, the relation between this pattern and functional improvement of dyssynergic myocardium, occurring spontaneously or after revascularisation, has not been studied. The dobutamine stress test (DST) is a method of simulating exercise that is increasingly used for the functional assessment of patients after myocardial infarction.9-"3 We have previously reported that normalisation of negative T waves in the electrocardiogram during LDD infusion in patients with a recent myocardial infarction is a marker of myocardial viability and a predictor of late improvement of function.'4 ST segment elevation is a common finding in such patients during DST." 16 The aims of this study were to find the relation between ST elevation during DST after a recent myocardial infarction and myocardial viability assessed by LDD echocardiography and to compare the value of ST segment elevation and LDD echocardiography in the prediction of late improvement of left ventricular function.
Patients and methods

PATIENT SELECTION
The study comprised 70 patients with a recent myocardial infarction who were enrolled in a research protocol to assess the value of dobutamine stress echocardiography in the functional evaluation of patients after acute myocardial infarction. All patients fulfilled the following criteria: (a) a recent myocardial infarction ( < 2 weeks before) diagnosed by the standard criteria of chest pain, cardiac enzymes, and electrocardiographic changes; (b) the absence of severe heart failure, hypotension, high grade ventricular arrhythmias, or chest pain not responding to medical treatment; (c) the presence of pathological Q waves and wall motion abnormalities in the corresponding segments at the day of the study; (d) absence of myocardial aneurysm, left ventricular hypertrophy, or bundle branch block. All patients gave an informed consent to participate in the study. There were 49 men (70%). The mean (SD) age was 58 (11) years. Thirty one patients (44%) were receiving oral nitrates and/or calcium channel blockers. Twenty one patients (30%) were receiving angiotensin converting enzyme (ACE) inhibitors. Treatment with ,B blockers was stopped one day before the test.
DOBUTAMINE STRESS TEST
DST was performed a mean (SD) of 8 (3) days after infarction (range 6-14 days). Dobutamine was infused through an antecubital vein starting at a dose of 5 mg/kg/min for three minutes, 10 ,g/kg/min for three minutes, increasing by 10 g/kg/min every three minutes to a maximum of 40 ug/kg/min. Atropine (up to 1 mg) was given to patients who did not achieve 85% of their age predicted maximal heart rate. ' Two electrocardiographic segments were identified: (a) the anterior segment which included leads V1-V4 and was assigned to the anterior wall, the interventricular septum, and the apical anterior and apical septal segments, and to the left anterior descending coronary artery at angiography; (b) the inferolateral segment which included leads II, III, aVF, I, aVL, V5, and V6 and was assigned to the inferior and posterolateral wall and to the left circumflex and the right coronary artery at angiography. The apical lateral and apical inferior segments were considered as overlap segments between the anterior and inferolateral locations and were assigned to the region with concomitant abnormalities. Regional wall motion score index was derived by dividing the regional wall motion score by the number of segments in that region. Regional viability and improvement indices were derived in a similar way. STATISTICAL 
ANALYSIS
Unless specified, data are presented as mean (SD) values. The chi square test was used to compare differences between proportions. Student's t test was used for analysis of continuous data. A P value < 0-05 was considered statistically significant. Sensitivity, specificity, and accuracy were derived according to the standard definition and were presented with the corresponding 95% confidence intervals (CI).
Results
DOBUTAMINE STRESS TEST
There was a significant increase of heart rate, systolic blood pressure, and rate-pressure product from rest to peak stress (71 (13) v 136 (18) beats/minute (P < 0 001), 121 (27) v 137 (30) mm Hg (P < 0.01), and 8631 (1543) v 18 619 (4325) (P < 0-0001) respectively). The ratepressure product did not change significantly from rest to LDD. The test was terminated before reaching the maximal dose or the target Clinical and haemodynamic data (table 1) There were no significant differences between group A and B with respect to thrombolytic therapy, angina during stress, peak rate-pressure product, and percentage of patients achieving 85% of the target heart rate. Patients of group A had a higher peak heart rate and more of them had ST segment depression.
Echocardiographic data (table 2) There was a trend to a higher resting wall motion score index and a higher number of dyssynergic segments in group A. There was no significant difference between both groups with respect to prevalence of ischaemia. Group A patients had a higher prevalence of viability pattern at LDD, a higher prevalence of regional improvement and a higher number of improved segments at follow up. The wall motion score index decreased between baseline and follow up in group A (P < 0 05) but not in group B. In group A there were no significant differences between patients with and without late functional improvement with respect to heart rate at ST segment elevation (108 (25) v 112 (22) beats/min) or dobutamine dose at ST segment elevation (31 (11) ,ug/kg/min in both). Patients who were receiving ACE inhibitors had a higher resting wall motion score index (1-76 (0 44) v 1-38 (0-31), P < 0 0001), a higher frequency of anterior myocardial infarction (62% v 37%, P = 0 05), a somewhat higher frequency of ST segment elevation (38% v 20%, P = 0.1), and a similar frequency of late functional improvement (43% v 53%, P = NS) compared with patients who were not receiving ACE inhibitors.
ANTERIOR VERSUS INFERIOR MYOCARDIAL INFARCTION
In patients with anterior infarction (table 3) there was a trend to a higher regional wall motion score index and a higher number of dyssynergic segments at rest in group A. The frequency of a viability pattern and the number of viable segments at LDD was higher in group A. At follow up the frequency of fimctional improvement, number of improved segments (fig 1) , and improvement index were higher in group A. The regional wall motion score index decreased between baseline and follow up studies (fig 2) in group A (P < 0-05) and showed a slight non-significant increase in group B. In patients with inferior infarction Elhendy (77% v 57%, P < 0-05). The mean number of segments that had recovered was somewhat higher in patients with anterior than inferior myocardial infarction (1-4 (2 2) v 0 8 (1 3), P = 0 08). Figure 4 shows the distribution of he relation t elevation myocardial how that in !nt Q wave nduced ST th a higher I improvedium 2-3 ith patients ial left ven-,all motion in patients ient elevadifference an inferior nent eleva-1 improveof LDD h anterior nt revascufunctional myocardium it is possible that sympathetic stimulation during exercise or DST produces heterogeneous contraction in the infarct zone because there are viable segments that improve and non-viable segments that move paradoxically or do not improve. This heterogeneity of contraction may be the underlying mechanism of ST segment elevation in patients with viable myocardium. There are several explanations for the similar frequency of functional improvement in patients with and without revascularisation: (a) a predominant role of myocardial stunning rather than hibernation particularly in the group without revascularisation; (b) in patients who underwent coronary artery bypass grafting myocardial stunning after the cardiopulmonary bypass might have needed longer to resolve; (c) a follow up coronary angiogram was not performed to document sustained benefit of the revascularisation; (d) some revascularisation procedures had been performed before DST.
it elevation STRESS-INDUCED ST SEGMENT ELEVATION aseline wall AFTER MYOCARDIAL INFARCTION sation was Exercise-induced ST segment elevation was id it is pos-more common in patients with recent than with nore severe old myocardial infarction.7 The difference may ore time in be explained by a high frequency of myocardial ill motion viability in patients with recent infarction. This ggment ele-viable myocardium may improve (sponta-!gment ele-neously or after revascularisation)," undergo functional necrosis, or continue as ischaemic hibernating It ST seg-myocardium. In the first two situations, viable stunning is myocardium will no longer exist and ST segt have been ment elevation will become less common as the fore DST. infarct gets older. It has been shown that most he relation recently infarcted myocardial regions retain myocardial residual metabolic activity, the extent of which ;vith viable is inversely related to the time since the acute event. Exercise-induced ST segment elevation LDDEwas more common in patients with than without FDG uptake in the underperfused 8 In our study ST segment elevation was associated with a significant increase of heart rate and occurred mostly at doses > 10 ,g/kg/min. This is not surprising, because the heart rate does not increase significantly at LDD.'4 Previous studies have shown the importance of an increase in heart rate for the occurrence of ST segment elevation during exercise.27 In our study the mean heart rate and mean dobutamine dose at ST segment elevation were not different in patients with functional improvement or without. In contrast to these studies, Lanzarini et al found no significant difference in the frequency or extent of the viability pattern at LDD echocardiography with or without dobutamine-induced ST segment elevation in 42 patients studied after acute myocardial infarction.3' However, no data regarding the functional recovery were provided. Our study shows that the difference between patients with and without ST segment elevation is more evident by using indices of late functional improvement than indices of viability at LDD echocardiography. This may be explained by some limitations of the latter in identification of viable myocardium. The sensitivity of LDD echocardiography for the detection of stunned myocardium was shown to be relatively low in akinetic segments. Global left ventricular function was assessed by semiquantitative evaluation of wall motion rather than ejection fraction. However, even ejection fraction has its own limitations as a measure of contractility, being dependent on loading conditions and heart rate. Wall motion score index has been regarded as being analogous to the ejection fraction34 and may even provide an advantage over ejection fraction in the serial assessment of left ventricular function after acute myocardial infarction. That is because regional dyssynergy after acute myocardial infarction is associated with compensatory hypertrophy in adjacent segments which tends to maintain ejection fraction. When dyssynergic myocardium improves at follow up, compensatory hypertrophy will resolve and the improvement of regional function may not be associated with an equivalent increase of ejection fraction. '5 The anatomy of the infarct related artery was not established in all patients. We cannot exclude the possibility that some of the persistently dyssynergic segments may improve after revascularisation. However, there was no rationale to catheterise asymptomatic patients with an uncomplicated clinical course. Our study could not define the underlying mechanism of reversible dysfunction after acute myocardial infarction. However, distinguishing between myocardial stunning and hibernation in these patients is a challenge. Improvement of function after early revascularisation does not rule out myocardial stunning as a mechanism of reversible dysfunction because we have previously shown that about one third of dyssynergic segments detected one week after infarction improve spontaneously after three months.56'4 On the other hand spontaneous improvement of function may not represent pure myocardial stunning. Spontaneous thrombolysis and the development of collateral channels may improve myocardial perfusion and provide a source of natural revascularisation with subsequent improvement of a hibernating myocardium.'6 This is supported by our previous finding of spontaneous improvement of thallium uptake by dyssynergic segments which showed functional recovery three months after myocardial infarction.6 An alternative explanation of this finding is a spontaneous improvement of cellular mechanisms involved in thallium uptake.
SUMMARY AND CONCLUSIONS
In patients with recent Q wave myocardial infarction undergoing pre-discharge high dose DST the frequency and extent of late improvement of left ventricular function are greater in patients with ST segment elevation during DST than in those without. The accuracy of ST segment elevation for the predic-
